lation angle of the waveguide light can be faH^vancd. 
Therefore, by varying the emitting positions of the light 
beams from the two converging grating couplers, the 
converged spot can be allowed to trace on the trac3c 

According to the eight embodiment as mentioned 
above, in addition to the efTects of the foregoing sev- 
enth embodiment, the change*over of the waveguide 
lights which enter the converging grating couplers and 
the tracJcing control can be executed by the SAW trans- 
ducer 91. Thus, the optical head can be simplified and 
the number of manufacturing steps can be reduced. 

Since the surface acoustic wave 92 is located between 
the fourth beam $p liner 93 and the two converging 
grating couplers, the return waveguide light from the 
optical disc 1 is not influenced by the tracking control 
on the optical path after the surface acoustic wave 92. 
Therefore, the converging position on the third photo 
detector is not moved by the tracking control, so that a 
deterioration in photo detection signal can be pre- 
vented. 

In the embodiment, although the SAW transducer 
has been used as both of the optical path switching 
means and the optical path deflecting means for track- 
ing control, the SAW transducer can be also provided 
for the optical head only for the tracking control. For 
instance, it is also possible to form the SAW transducer 
for the sixth optical head 60 in the fifth embodiment or 
• the seventh optical head 80 in the sixth embodiment and 
to execute the tracking control. 
We claim: 

An optical recording/reproducing apparatus for 
recoVding, reproducing or erasing an information signal 
by converging a light flux onto/from a recording layer 
through a transparent disc substrate, comprising: 

(a) Moptical heads. N being greater than or equal to 
2, each comprising: 

Hght eWtting means, 

objectiVs lenses, whose aberrations have respectively 
been Corrected for said N disc substrates having 
diflereJat tliicknesses, each for converging the light 
flux whjjch is emitted from the light emitting means 
onto thcXoptical disc, and 

a plurality 6f photo detecting means each for detect- 
ing the reflected light from the optical disc; 

(b) N optical ficad moving means which are arranged 
below the d^ptical disc and move the N optical 
heads in the todial direction of the optical disc; 

(c) disc discrimmating means for discriminating the 
thickness of thA^dTsb substrate of the loaded optical 
disc and for geftcr^ing a discrimination signal in 
accordajice jJith^yc rc^lt of the discrimination; 

(d) control mc^r«-^^^4cftcting the optical head hav- 
ing the objective Idns in which the occurrence of 
the aberration due to the disc substrate is smallest 
in accordance with ine discrimination signal, 

wherein the selected obticai head records, repro- 
duces or erases the inrormation signal onto/from 
the optical disc. \ 

2. An apparatus according\o claim 1, further com- 
prising backward moving mclhs for moving the non- 
sclected optical heads to the ou\sidc of the optical disc 
for a period of lime when the obticai head which has 
been selected by the control mcaiis is recording, repro- 
ducing, or erasing the informationVignal. 

3. An apparatus according to claim 1, wherein said 
disc discriminating means comprises\ 

a cartridge for enclosing the optica! disc; 
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discrimination hole which is formed oo th«3l^ 
tridgc and whose opening/closing state difTcrs in 
correstoondcncc to the thickness of the disc sub- 
strate of the optical disc; and 
dctecdng means for detecting the opening/closing 
state of t|ie discrimination hole and for generating 
a discrimi^atioa signal. 

4. An apparatus according to claim 2, wherein said 
disc discriminating means comprises: 

a cartridge for enclosing the optical disc; 

a discrimination hole which is formed on the car- 
tridge and whose opening/closing state differs in 
correspondence to the thicJcaess of the disc sub- 
strate of the (Optical disc; and 

detecting mcanfe for detecting the opening/closing 
state of the discrimination hole and for generating 
a discrimination signal. 

5. An apparatus ixording to claim 1, wherein numer- 
ical apertures of at Ibast two or more of said N objective 
lenses differ. \ 

6. An apparatus aA:ording to claim 2, wherein numer- 
ical apertures of at Ickst two or more of said N objective 
lenses differ. \ 

7. An optical recqrding/rcproducing apparatus for 
recording, reproducing or erasing an information signal 
by converging a light Dux onto/from a recording layer 
through a transparent disc substrate, comprising: 

(a) an optical head having N. N being greater than or 
equal to 2, converging optical systems each com- 
prising: 

light emitting means, 

objective lenses, whoscybcrra^ions have respectively 
been corrected for s^d dis^ substrates having 
different thicknesses, dacil for converging the light 
flux which is emitted frota the light imitting means 
onto the optical disc, and ^ / 

a plurality of photo detcS^g j^cans/bch for detect- 
ing the reflected light firt^m/tnc-dptical disc; 

(b) optical head moving VMans which is arranged 
below the optical disc and\moves the optical head 
in the radial direction of the optical disc; 

(c) disc discriminating means for discriminating the 
thickness of the disc substrate of the loaded optical 
disc and for generating a discrimination signal in 

. accordance with the result oft the discrimination; 
and \ 

(d) control means for allowing the light emitting 
means, which belongs to the cJonverging optical 

. system in which the occurrence W the aberration 
due to the disc substrate is smallrtt in accordance 
with the discrimination signal, to eWit Ught. 

wherein the selected converging optjVal system re- 
cords, reproduces or erases the information signal 
onto/from the optical disc. \ 

8. An apparatus ax^cordbg to claim 7, v^herein said 
disc discriminating means comprises: 

a cartridge for enclosing the optical disc; 

a discrimination hole which is formed on\the car- 
tridge and whose opening/closing state oiiTers in 
correspondence to the thickness of the dJfec sub- 
strate of the optical disc; and \ 

detecting means for detecting the operdng/ctosing 
state of the discrimination hole and for generating 
a discrimination signal. \ 

9. An apparatus according to claim 7, wherein nuiAer- 
ical apcniires of at least two or more of said N objective 
lenses differ. 
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10. An optical recording/reproducing appd^^for 
recording, reproducing or erasing an information signal 
by converging a light flux onto/from a recording layer 
.througl a transparent disc substrate, comprising: 

(a) ai optical head including: 
light emitting means, 

light flux dividing means which are arranged in the 
ligiit flux from' the emitting means and divide the 
em tted light flux into N, N being greater than or 
• eqi al to 2, light fluxes and deflect b different direc- 
tiois, 

N obfcctive lenses, whose aberrations have respec- 
tiveW been corrected for said N disc substrates 
haviAg different thicknesses, for respectively con- 
vergibg said N light fluxes onto the optical disc. 

light flux selecting means for selecting one of the N 
light fluxes divided by the light flux dividing means 
and fon allowing said light flux to pass, and 

photo detfccting means for detecting the light fluxes 
reflected by the opticaJ disc; 

(b) opticarthead moving means which is arranged 
below ihfc optical disc and moves the optical head 

. in the racfial direction of the optical disc; 

(c) disc discriminating means for discriminating the 
thickj^ess oV the disc substrate of the loaded optical 
disc and fo\ generating a discrimination signal in 

ith the result of the discrimination; 



accordanc 
and 

(d) control mi 
the light flux 
the discriminai 
flux which p 
which the occ 
disc- substrate 

wherein the op 
erases the info: 
disc by the scl 

11. An apparatus ai 
disc discriminating mi 

a cartridge for enclos^ 

a discrimination ho! 
tridgc and whose o^ 
correspondence to 



for generating a control signal to 
lecting means in accordance with 
signal and for selecting the light 
s through the objective lens in 
nation due to the ■ 



tion 



reccmls, reproduces or 
fn to/from the optical 



iing to claim 10, wherein said 
comprises: 
ig the optical disc; 
'hich is formed on the car- 
:mng/closing s*Late differs in 
thickness of the disc sub- 



strate of the optical disc; and 
detecting means for detecting the opening/clcsing 
state of the discrimination hole and for generating 
a discrimination signal J 
12. An apparatus according to claim 10, wherein 
numerical apertures of at ica\t two or more of said N 
objective lenses differ. 
. 13. An optical record in g/rejsi rod ucing apparatus for 
recording, reproducing or erasing an information signal 
by converging a light flux onto/from a recording layer 
through a irajisparent disc substrafc, comprising: 
(a) an optical head including: 
an optical waveguide formed on^ substrate, 
N light emittmg means each for emining a waveguide 
light into said optical waveguide, N being greater 
than or equal to 2, 
N converging grating couplers, whose aberrations 
have respectively been corrected Ipr said N disc 
substrates having different thicknetscs, each for 
emitting the waveguide light supplied from said N 
light emitting means to the outside of the optical 
waveguide and for allowing the reflected light 
- from the optical disc to enter, and 
N photo detecting means each for detecting reflected 
light and for generating an information iignal; 



• 



means 
theN 
(d) disc di 



opftcal head moving means which is arra^^V 
below, the optical disc and moves the optical hcR^ 
in the Wdial direction of the opdcal disc; 
(c) sclcctihg means for selecting the light emitting 
be allowed to emit the light from among 
tting means; 

riminating means for discriminating the 
thicknessVjf the disc substrate of the loaded optical 
disc and mr generating a discnxninatioa signal ac- 
cording la the result of the discrimination; and 
(c) control rnran^ for generating a control signal in 
accordance\with the discrimination signal, for pro- 
viding said control signal to said selecting means 
and for allowing the light emitting means for emit- 
ting the waviguidc light into the converging grat- 
ing coupler in which the occurrence of the abcrra- 
ticn due to thft disc substrate is smallest, 
wherein the opUcal head records, reproduces or 
erases the infortnation signal onto/from the optical 
disc by the ligl^ (lux from the selected light emit- 
ting means. 

14. An apparatus afccording to claim 13, wherein said 
disc discriminating means comprises 

a cartridge for enclbsing the optical disc; 
a discrimination hole which is formed on the car- 
tridge and whose\opeaing/closing state differs in 
correspondence iq the thickness of the disc sub- 
disc; and 

detecting the opening/closing 
riation hole and for generating 



rding to claim 13, wherein 
least two or more of the N 
diflcr. 

apparatiis for 
rmation signal 
/from a^recording layer 
comprising: 



strate of the optii 
detecting means for 
state of the disc: 
a discrimination si 

15. An apparatus ai 
numerical apertures of 
converging grating coup: 

16. An optical record] 
recording, reproducing o| 
by converging a light fl 
tlirough a transparent di 

(a) an optical head 

an opricaJ waveguide foAdcdfon a substrate, 
light emitting means for c^ptting a waveguide light 

bto said optical waveguiJie, 
light flax dividing means foAdividing the waveguide 

light emitted from the light emitting means into N 

divided waveguide lights, being greater than or 

equal to 2, 

■ said N converging grating coliplers, whose abcrra' 
ticns have respectively becn\coaccted for said N 
disc substrates having difTcriat thicknesses, each 
for emitting each of said Nmivided waveguide 
lights to the outside of the opSca! waveguide and 
for allowing the reflected ligi^t from the optical 
disc to enter, and 
N photo detecting means for respectively detecting 
said reflected lights from the N converging grating 
couplers and for gcncradng information signals; 

(b) optical head moving means wnich is arranged 
below the optical disc and moves Ihe optical head 
in the radial direction of the opticaJ disc; 

(c) output switching means for selecting and output- 
ting one of the output signals of saia N photo de- 
lecting means; 

(d) disc discriminating means for discriminating the 
thickness of the disc substrate of the liaded optical 
disc and for generating a discrimination signal in 
accordance with the result of the di^rimination; 
and 



(e) done: 
the\ou 
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(c) A^ntrol means for generating a control to 
thevoutput switching means in accordancelBrthc 

discrimination signal and for selecting the photo 
detct-ting means into which the waveguide light 
caters from the converging grating coupler in 
whicA the occurrence of the aberration due to the 
disc substrate is smallest. 

17. Ah aiparatus according to claim 16, wherein said 
disc discrinmiating means comprises: 

a cartridgb for enclosing the optical disc; 

a discriminauon hole which is formed on the car- 
tridge arid whose opening/closing state differs in 
correspondence to the thickness of the disc sub- 
strate of tnc optical disc; and 

detecting mtons for detecting the opening/closing 
state of the\discrimination hole and for generating 
a discrimination signal. 

18. An apparilus according to claim 16, wherein 
numerical apcnurcs of at least two or more of the N 
converging grat in d couplers differ. 

19. An optical recording/reproducing apparatus for 
recording, reproducing or erasing an information signal 
by converging a light flux onto/from a recording layer 
through a iransparenR disc substrate, comprising: 

(a) an optical head ^icluding: 
an optical waveg^lidk formed on a substrate, 



light emitting nr 
into said optical w 

optical path swi ching^ 
optical path of said 
the propagating direc 
N directions in 



emitting a waveguide light 
guide, / 

eans which is arranged on an 
uide light and switches 
iion of the waveguide light in 
ce with a control signal, N 



being greater than or iquaJ to 2, 

N converging grating ciuplcrs, whose aberrations 
have respectively bcen\corTected for said N disc 
substrates having diiTert^t thicknesses and which 
are respectively arrangeli in said N propagating 
directions which arc switihed by said optical path 
switching means and emituhc waveguide light to 
the outside of the optical wVveguide and allow the 
reflected light from the optital disc to enter, and 

photo detecting means for detecting the reflected 
light and generating an information signal; 

(b) optica] head moving mcansV which is arranged 
below the optical disc and mov.cs the optical head 
in the radial direction of the op\icaI disc; 

(c) disc discrinrunating means for discriminating the 
thickness of the disc substrate of Che loaded optical 
disc and for generating the discrixnination signal in 
accordance with the result of the discriminadon; 
and 
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(d) control means for generating a control signal to 

#the\optical path switching means in aco^ftancc 
witnVthe discrimination signal and for swit^^Hthe 
propagating direction of the waveguide li^^rrona 
the li^t emitting means to the direction of the 
converging grating coupler in which the occur- 
rence of\the aberration due to the disc substrate is 
smallest. \ 

wherein the optical head records, reproduces or 
erases the information signal ooto/frora the optical 
disc by the light flux emitted from the selected 
converging\gr3ting coupler. 
20. An apparatus ajccording to claim 19, wherein said 
optical path switching means combines deflecting 
means for changing the propagating direction of the 
waveguide light bV a deflection angle according to a 
input signal. \ 

and wherein said apparatus comprises: 
tracidng error detecting means for detecting a track- 
ing error amount of a converged spot which has 
been converged onto the optical disc and for gener- 
ating a tracking Arror signal; and 
tracking control means for changing the input signal 
cans in accordance with said 
1 and for eliminating the track- 
;"Xd spot. 



ignla 



to the deflecting 
tracking error si 
ing error of the co 
21. An apparatus acc 
disc discrimLnating mca 
a cartridge for enclos 
a discrimination hole 
tridgc and whose o 
correspondence to t 
stratc of the optical 



dihgilo claim) 19, wherein said 
rises: ^ 

disc; 

/hicf\ is ifenncd on the car- 
osing state difTers in 
hickncss of the disc sub- 
ifc; and 

delecting means for dcticting the opening/closing 
state of the discriruinati^n hole and for generating 
a discrimination signal. 
22. An apparatus accQrding\to claim 20, wherein said 
disc discrimination means comprises: 

a cartridge for enclosing theVopticoI disc; 
a discrimin alien hole which\is formed on the car- 
tridge and whose openingA:Iosing state diiTers in 
correspondence to the thicStness of the disc sub- 
strate of the optical disc; and 
detecting means for detecting Vhe ope.iing/closing 
state of the discrimination hole and for generating 



a dtscriminaticn signal. \ 

) i!ai 



of at least two or m 
couplers differ. \ 
; acx^rding to cisim 



aim 19, wherein 
ore of the N 



23. An apparatus according to 
numerical apertures 
converging grating cou 

24. An apparatus acx^ording to cl;iim 20, wherein 
numerical apertures of at least two orynorc of the N 
converging grating couplers differ. 



25. optical 
recording/reproducing system for recording, 
reproducing orVasing an information signal 



onto/from any sel 



of N types 



(where N>= 2) of( 
transparent substrat 



discs having 
ifFerent 



thicknesses, each i 



optical discs 



having at least afey By^ pflfV^^ and an 

information layer, by converging a light flux 
on said information layer tntough said 
transparent substrate said apparatus 
comprising: 



It? - 



fU 



it least one composite converging 
optical system, each of which comprises: 

i) light emitting means for emitting 
said light : 

ii) a Converging means for 
converging said light flux on said 
information layer: and 

iii) an optical wave front 
transforming meians being disposed in an 
optical path connecting a light emitting 
means, said convening means and one of 
said N optical discsX and 

at least one pngfo detecting means 
for detecting reflectiMeiighi from said one of 
said N optical disc^ 

wherein sara:^ea^ dine composite 



conversing opticd svste 



different 



numerical aper 



Forms aberration 



correction over transpareAt substrate of a 
respective one of said N omical discs, and 
(c) converges said light fluxNas a smaller 
spot diameter D having beenVberration 
corrected bv employing a larger one of said 
numerical apertures, with respeot to one of 
said optical discs having a thinneii; one of 
said substrates. 

wherein thicknesses of said \ 
transparent substrates of said N tvpek of 
optical discs are about 1.2mm or less t^an 
1.2mm. 



26. An optical 



recording/reproducing apparatus for 
recording, risproducing or erasing an 
information signal onto/from any one of N 
types (where N >= 2) of optical discs having 
first layers of different thicknesses, each 
type of said optical discs having at least said 
first layer being transparent and a second 
layer for storing inibmiation. by converging 
a light flux onto said^econd layer through 
said first layer, said apparatus comprising: 
at least one conibosite converging 
optical system, each of which comprises: 

i) a light emitting means for emitting 



\said light flux: 

ii) a converging means for 
)nverging said light flux on said second 

laVer: and 

iii) an optical wave front 
tran^orming means being disposed in an 
optical path connecting a light emitting 
meansAsaid converging means and one of 
said N optical discs: and 

aKleast one photo detecting means 
for detectmg reflective light from said one of 
said N optical discs, 

wherein said at least one composite 
conversing optical system (sl) has different 
numerical aper 
correction over 
respective one ol 



res, fblperforms aberration 
isparent substrate of a 
laid N optical discs, and 



(c) converges saidMight flux as a smaller 
spot diameter D having been aberration 
corrected by employing a larger one of said 
numerical apertures, ^th respect to one of 
said optical discs havirig a thinner one of 
said substrates, 

wherein thicknes^s of said 
transparent substrates of said N types of 



optical discs are about 1 .2r 
1.2mm. 



or less than 



27\ An optical 
recording/reproducing system comprising: 
a) an rotical recording/reproducing 
system for recording, reproducing or erasing 
an information signal onto/ftom any selected 



le of N tv^pes (wl^re N ^2) jbf optical 



discs having transparent/substrates of 



different thicknesses, i 



said N optical 



discs having at least a mtfigpatf-ent substrate 



and an information la 



mia 



mverging a 
light flux on said infdimatj!^\^eT through 
said transparent subaroO^saic^ apparatus 
comprising: 

at least one composite c^vergmg 
optical system, each of which comprises: 



i) a light emitting means fok emitting 
said light flux: 



• 




ii^ a conversing means for 
convergirffi said light flux on said 
information layer: and 

iii) m optical wave front 
transforminameans being disposed in an 
optical path connecting a light emitting 
means, said converging means and one of 
said N optical Ascs: and 

at least one photo detecting means 
for detecting reflective light from said one of 
said N optical discs, 

wherein said at least one composite 
conversing optical Wstem fa) has different 
numerical apertures. fh>{Serferms aberration 
correction over transparent sjabstrate of a 
respective one of saifl N ogfrical discs, and 
(c) converges said liE|it.^c^ a smaller 
spot diameter D havite beenfaberration 
corrected by employing a kl^ferone of said 
numerical apertures.'^wm^pect to one of 
said optical discs having^ thinner one of 
said substrates, and 

wherein thicknesse^ of said 
transparent substrates of sam N types of 
optical discs are about 1 ,2mni^ or less than 
1.2mm: 

b) a system controlling \neans 
coupled to said converging means for 
moving said converging means relative to 
the optical discs loaded in said appyatus to 
traverse a recording track thereof: 

0) a signal processing means (?pupled 
to said photo detecting means for encoding 
or decoding said information signal. 



\8. An optical 
recording/reproducing system comprising: 
a) an optical recording/reproducing 
system for rebording, reproducing or erasing 
an information signal onto/from any selected 
one of N types fx^ere N >= 2) of optical 
discs having transparent substrates of 
different thicknesses\ach of said N optical 
discs having at least a tfansparent substrate 
and an information layer pv converging a 



t 



light flxix on said information layer through 
said transparent substrate said apparatus 
comprising: 

at least one composite converging 
opt\cal system, each of which comprises: 

i) a light emitting means for emitting 
said l^ght flux: 

ii) a conversing means for 
converging said light flux on said 
information layer: and 

in) an optical wave front 
transforming means being disposed in an 
optical pam connecting a light emitting 
means, said converging means and one of 
said N optioal discs: and 

at least one photo detecting means 
for detectingyeflective light from said one of 
said N opticaA discs, 

wherein said at least one composite 
conversing oprical system (a) has different 
numerical apermres, (b)performs aberration 
correction over Transparent substrate of a 
respective one of said N optical discs, and 
(c) converges saifl light flux as a smaller 
spot diameter D having been aberration 
corrected by employing a larger one of said 
numerical apertures, with respect to one of 
said optical discs having a thinner one of 
said substrates, and 

wherein thicfaiesses of said 
transparent substrates of said N types of 
optical discs are abou\ 1 .2mm or less than 
1.2mm: 

b) a system coAtrolling m^eans 
coupled to said converging means for 
moving said converging means relative to 
the optical discs loaded an said apparatus to 
traverse a recording track thereof: and 

c) a signal proce^ing means coupled 
to said photo detecting mpans for encoding 
or decoding said information signal. 
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